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THE MEASUREMENT OF CABLE CHARACTERISTICS (Part IV) 

MEASUREMENT OF CHARACTERISTIC IMPEDANCE (Zo) 


In Part I it was shown that the charac¬ 
teristic impedance of polyetliyleniMli- 
4d<H*tric and teflon-dielectric cables is 
constant at very low frecpiencies, dt*- 
creases somewhat in a nn'diiim-fre- 
quency range, and is again constant at a 
lower value at very high friHiuencies. 
(S<H‘ Figure 3a.) Characteristic imped¬ 
ance can easily he d(‘termined at any 
desired frecjuency if a suitable impetlancc 
biidge'* is av'ailable with which to 
measure the open-circuit reactance, 
Xqc^ and ahort-(!ircuit reactmict*, 
of a sample length of cable.'* The 
characteristic impedance is then = 
V A oc A sc* 

The bridge method is the most satis¬ 
factory^ method for mea.surements on 
cables at low frecjuencies, such as 1 Me, 
where the inductance v'arios with respect 
to frequency, and for m(‘asurements on 
ruliber-dielectric cables and other types 
of cables in which capacitance is not in¬ 
dependent of frequency. Twin-conductor 
cables are more rliflicult but can be 
measured by u.sc^ of the Typk ST-l-rP 
Baiun connected between the laidge 
and the cable .sample and adapted to 
the desired frequency of metisurement. 

Since polyethyleiKMlioleciric and tef¬ 
lon-dielectric cables have practically con¬ 
stant Zfj for all frequencies above about 
20 to 40 Me, and since it is this value of 
Zff that enters into most applications 
and is usually listed, an indirect method 
of mea.suring Zg can be u.scd. This method 
is baser 1 upon the following simple rela¬ 
tion to velfUMty of propagation {v) and 
capacitance (C): 

^_ 101,600 _ 

(c in per cent) x (C in jifif per ft.) 

i^Our SnJeR EtiKinecrinK I^parttn«t»t will be rUcI to make 
rcoommcndotioiis for any specific uieif-urcrnent problems. 
OPreferably near an elwtricnl lontrlh of oue-ciRlitb wave- 
IcXIRlh, 


ohms. Sincf* C for ])olyethylene-dielectric 
or teflon-rlielectric cables is independent 
of freqiK'iicy, it can be meibsured at any 
convenient low fre(|uency, such as 1,(KK) 
cycles. (MIL-C-171^ Specification allows 
any fre(|uency fntm 1,(M)() cycles to I 
Me.) The relative velocity of propaga¬ 
tion, V, can be d(*t(.*rmine<l, as outlined 
in the following section, at any conven¬ 
ient fre(|uency above the region of chang¬ 
ing characteristic imptnlance. Then Zq 
can be calculalefl from the formula 
given. The advantages of this indirect 
method are that it is simple and requires 
less expensive equipment than the im- 
pedanc(*-bridge method, and the high- 
fre(|uency part of the mf'asurement 
(measurement of a) can be made using 
.some of the same equipment that is 
necessary for the measurement of at¬ 
tenuation. Thus we have reduce<i the 
measuremfMit of Zq to the ea.sier meas¬ 
urements of V and C. Becau.se of the small 
variations in characteristics that occur 
from point to point along a flexible 
cable, it is de.sirable to use the siime 
piece of cable for both mea^^urements. 

MEASUREMENT OF VELOCITY 
OF PROPAGATION (v) 

The usual reason for making this 
measurement is, a.s implifni above, to 
determine characteristic impedance 
but the value of v is occa.sionally re¬ 
quired for other rea.sons. Since v is con- 
stiud at high frecpiencies (Figure 3b), 
the frequency of measurement is not at 
all critical provided that it is above 20 
to 40 Me. The mcfisureraent can be 
made with the equipment shown in 
Figure 9. 

The Type 120S-B Unit Oscillator, 
amplitude-modulated, delivers power 
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throuRh a Type S74-G10 lO-db Pad and 
a patch <'ord to a Type S74-(22 Adaptor 
with banana plugn. Tlnse ping into 
the jack-top binding posts of a second 
'Kype S74-Q2 Adaptor/* an<l one en<l of 
the cable sample is also connected across 
thcwse binding posts. (^Connectors are not 
used on the cable sample for this measure¬ 
ment.) The coaxial end of the second 
adaptor connects to one end of the Type 
87-t-\'Q Voltmeter Detector, whose 
(jther end is terminated in a Tyi*e 874- 
WM od-ohm Termination. The thv 
modulated audio env'olope signal is con¬ 
nected by a patch cord to the Type 
rJlJ-.V I' nit Null Detector. The Type 
72C)-A IletertMlyne Frecpiency Meter is 
strongly recomimuided in order to im¬ 
prove the accuracy with whi<‘h the fre¬ 
quency is known from 2% to 0.1% ami 
to reduce v'eiw significantly the danger 
of miscalculating the number of quarter- 
wavelengths, A*, in tlie cable sample, as 
(h‘scribed below. 

It can be seen that t his s^'stem can be 
described as consisting of a .50-ohm gen¬ 
erator of variable fre(|uency driving an 
untuned voltmeter in parallel with the 
cable sample input. If the other end of 

•*Tlw Tvpb 874-Q2 A(l»|»t«3r is with two liunaim 

pliitpt anil two biniiinit {utHta. 


the cable sample is open-circuitetl, and 
if the oscillator frequency is varied, the 
cabh'-sample input impedance will vary 
between alternate maximum and mini¬ 
mum values, with the minima marked 
by minimum indications on the volt¬ 
meter. It is well known that the minima 
occur w'hen tlie length of the cable sample 
is etjual to an odtl number of quarter- 
w'avelengths. 

The measurement is made by fuiding 
the fretiuencies for two adjacent volt¬ 
meter minimum readings. Before using 
the fre(piencies so found, it is desirable 
to find also the next several freciuencies 
for minima and to check that the separa¬ 
tions between any two adjacent fre¬ 
quencies are reasonably uniform, thus 
guarding against being mi.slexl by a pos¬ 
sible spurious minimum. Call the lower 
of the tw'o frequencies to be used /j aiul 
the next higher one The physical 
length, /, of the cable sample is also 
measureil. dVj calculate per cent velocity 
from these data, first determine tlie num- 
bej*, A*, of quarter-wavelengths contained 
in the sample length at the frequency of 
/i by means of the following approxi¬ 
mate'* relation: 

**Tlus forniulii U a»pn>xiiimtp l>cc»tiAr of nortiiul 
uromont errors in ilctprttiining/i ancl/i, and bccau.so k 
mu»t be nt) e»ii:(. odd 
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type I203-B 
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WITH 


874-02 ADAPTER, 
BANANA PLUGS ' 


TYPE 720-A 
HETERODYNE ^ 
FREQUENCY 
METER 



TYPE 074-R2I 
PATCH CORO 


TYPE 074-WM 50-OHM 
TERMINATION 


TYPE 874-VQ VOLTMETER DETECTOR 


<^CABLE SAMPLE 


TYPE 074-02 ADAPTER 
WITH BINDING POSTS 


' LOOSE COUPLING 


OPEN-CIRCUITEO END 
(INNER CONDUCTOR CUT 
OFF FLUSH) 


Figure 9. Arrange¬ 
ment of equipment for 
meokurement of ve- 
locify of propagation 
in coaxial cables. 
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Figure 10. Method of 
connections to twin> 
conductor cables. The 
remainder of the meas¬ 
uring system is identi¬ 
cal with that of Figure 
9. Instead of copper 
foil ond tape. Type 
874-ZC Clamps can 
be used, if desired. 


TYPE 874-VO 
VOLTMETER DETECTOR 


type 874-WM 
50 OHM 

termination 


PATCH CORD TO 
NULL DETECTOR 

TWO TYPE 1000-P5 V-H-F 
TRANSFORMERS TAPED TOGETHER 

GROUNDED CONNECTION (FOR SHIELDED CABLES) 
pABLE SAMPLE 

OPEN-CIRCUITED END 



PATCH CORO FROM 
GENERATOR 


2 SEMICIRCLES OF tsil BUS WIRE 


using for the quantity (/m — ft) the aver¬ 
age ililTerenee l>et\veen suceessive fre- 
queneies. .\s ealeulated, /r slioultl t>e 
very elnse to an odd integer and slioiild 
he rounded off to this integer, which is 
then used in tlie following formula to 
determine per cent velocity: 

(/ in ft.; X I ft in Me) 

^ = /o u-v —77 ' -T t-'ent. 

(2.4h) X (A% integer) 

A conveni<*nt length for the cable 
sample is about 25 feet, which will result 
in values for (/^ — /i) of around 12 Me 
for polyethyleiu'-rlielectric cables and 
around 15 Me for polyethyleiuMind-air- 
dieleetric caliles. It is convTnient to 
clioose fi in the 100- to 2(X)-Mc range, 
since the heterodyne frecpieney meter is 
direct, reading in this range. If much 
longer cable samples or higher fre¬ 
quencies are used, successive minima 
are more closely vSpactnl percentage¬ 
wise, and there is the possibility that Ic 
will not lie selected prop<'rly, an error 
tliat is not easy to lietect. If the fre¬ 
quency meter is not used, it is recom¬ 
mended that lower frecpiencies and/or 
shorter cable samples be used to mini¬ 
mize this danger. Tlie frequency range 
of llie Tytk 1208-B O.scillator (05-500 
Me) is adequate for most applications. 

The error of mea.surement equals the 
sum of the error in determining / and the 
error in determining /j. The physical 
length of the cable satnple can probably 
be measured with an accuracy of 
inch or better, but end effects must also 


be considered. The equivalent electrical 
‘ffength" (due to fringe capacitance) of 
the opi'u circuit at the far end of the 
calile can be kept to less than I'i inch, 
and the length of cable input connec¬ 
tions to the binding posts kept to lt>ss 
than } 2 inch with reasonable care and 
for all but the largest caljle types. These 
end cfYects will be ajiproximately com¬ 
pensated if }4 inch (or more for larger 
cables) is addi^l to the measured length 
of the cable proper. All t hings considereil, 
in typical cases the error of measuring / 
is about drO.4% for a 25-fof)t length. 
The error of measuring frequency is 
2% if the calibration of the Type 120S-H 
Oscillator is usihI directly, but the use 
of the Type 720-A Heterodyne Fr(‘- 
qucncy Meter improvc'S this to . 

Therefore, the over-all accuracj'^ of de¬ 
termining per cent velocity can be about 
drO.5%. I^ecause of the variations in 
characteristic impr^dance along the cable, 
mentioiuMl earlier, this accuracy is prob¬ 
ably somewhat better than is significant. 

Thif measurement of twin-conductor 
cables, shielded or unshielded, is made 
in exactly the same way as just descrilied, 
excefit that two Type l()0()-P5 V-II-F 
Transformers (untuned, balanced-to- 
unbalanced transformers for the 50- 
250-Mc range) are used to connect the 
generator and the voltmeter, respec¬ 
tively, to the input end of the cable 
sample, as shown in Figure 10. The two 
transformers are strapped together with 
cop])er foil (to provide a common 
ground) and tape, and two short semi- 
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(•in*lo8 of Niimlior II AWG bus wire 
join together the balaneoil ends of the 
transformers and are at the same lime 
terminals to which the cable sample is 
conn(?cted. If the cable sjimple h:is a 
shield, this should be connected by 
nn^iins of a short, wide copper strn|) to 
the common ground of the transformers. 

MEASUREMENT OF CAPACITANCE (C) 

AND CAPACITANCE UNBALANCE'^ 

The capacitance per foot (C) of cables, 
usually require<l for the determination 
of characteristic impe<Iance 
us(»ful in its own right for inspwtion 
purpose's and for circuit calculations at 
low fr4*(|uencies, can be easily meiisunal 
with v(»ry high accuracy. The high ac¬ 
curacy is desirable for two rejtsons: (I) 
rhe error in as determined from 
m(‘iusured values of vehx*ity of propa¬ 
gation (r) and capacibince (C) is the sum 
of the errors in both measurements, and 
minimizing the capacilaiu’c error helps 
to maintain reju^mabh^ ac(?uracy for 
Zo. (2) In the m(‘asurement of capaci¬ 
tance uninilance of shielded twiiM'ou- 
ductor ca))les, the final answer is directly 
proportional to the difference between 
two, nearly CHpial. measured capacitance 
vahn*s, and, if most of the allows I cable 
tolerance is to be utilizcnl, ac<urate 
nn*nsurements are essential. We have 
already seen that for p4>lyethylen(*- 
dieh'ctric aiul tefloiwlielectrie cabl(‘s the 
capacitance is independent of frequency 
and that MIL specifications allow the 
us<* of any frequency l»etween I,(KM) 
cycles and 1 Me ff»r the nn*asureinent. 
In tin* interests c»f accuracy it is best to 
S4»lect a low fret|uency, and 1,(KH) eycli*s 
is usually most convenient. The 'PYrK 
TItbC (’apaeitance Bridge is well siiiteil 
for this nn*asurenient because of its 
wide capacitance range and its high 
accuracy. 


The mea.surement of capacitance un¬ 
balance is made by connecting various 
combinations of the two inner con¬ 
ductors and shield t4> the bridge as out¬ 
lined in MlI.r-C-17B SpiTification.*’ 

For best ac(!uracy (he .substitution 
method is recommended. Using the cor¬ 
rection chart mountiHl on the panel of 
each instrument, one can obtain an ac¬ 
curacy of drO. 1% or ±0.8 /iMf, which¬ 
ever is greater, for capacitance values 
up to 1,000 Twenty-five feet of 50- 
ohm |H»ly<*thyl(‘!n» cable !U)rmally has 
a capacitance of about 750 to which 
the O.S /iMf a<’curm*y figure applk^s. If 
longer sampl(*s are us<*d, making the 
capacitance great<‘r than I,(MX) p/if. 
the 0.1% a<*curacy can be maintaine«l 
through lh4‘ use of Typk I lOt) Stainl- 
ard Condensi'rs. Tviu: 505 C’onden.sers 
are satisfactory for initial balancing. In 
the mea.surement of capacitance unbal¬ 
ance. capacitance differences of less 
than SOO will 1 m* encountercHl, and 
the acrcuracy of ±0.8 MMf can be im- 
provcnl to ±0.2 ^^f, if desired, by tin* 
use of worm corn*ction data supplieil 
with the Tyi’K 7l(i-U Bridge on special 
order. 

Twin-conductor cables can be meas- 
ure<l u.sing the three-measurement 
melhcMl. 

The Type 1214-A Unit Oscillator (400 
or 1,(XX) cycl(*s), alnwiy rc*<iuire<i for 
the velocity-of-propjigation measure¬ 
ment.s, is a very siitisfactory generator 
for the bridg(*, an<l the Type 1212-A 
Unit Null Detector (al.so usc*^! in the 
other mea.surement), with the Type 
ll)5l-A Filter, is an excell(*nt bridge de¬ 
tector. Xo other cHiuipment is nee<lc*il. 

— W. H. Tiiursto.n 

(To Ite concluded) 

Because the tnraAuronirnt nf rapaeitanre unbaluuce. m 
rh&ractcrutic of shichliHl twin-eunductor cables, is dis- 
i'U<.ecd in MlLrOlTB .S{>v<'iticati(>n. it will not be discussed 
in detail in this artirlc 
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Th(! equipment for the measurements 
diseusstHl in this article includes many 


items listed in previous installments. In 
addition, the following are needed: 


Quantity 


Item 


1 

2 
I 
1 
1 

9 


Type 1214-A Unit Oscillator. 

Type 874>Q2 Adaptor. (g $ 4.25 

Type 874-WM 50-ohm Termination. 

Type 874-VQ Voltmeter Detector. 

Type 1212-A Unit Null Detector. 

Typo 1201-A Unit Power Supply... 

Type 1000-P5 V-H-F Tronsformer.27.50 


Price 

$ 75.00 
8.50 
12.50 
30.00 
145.00 
85.00 
55.00 


MOTOR DRIVE FOR 



The popular \'10 and \’20 series of 
Variacs is now availahh^ in motor- 


VIO, V20 VARIACS 

driven models, as listed in the table 
below. These models do not have ball 
bearings and are supplied without cases. 

Prices given in tlie table are per unit 
for a minimum (luantity of 5 units. 
For less than 5 units, add the set-up 
charge. 

Tyne numbers are made up as follows: 

-V'liriac Typo No. 

-Motor Drivo 

-Tniverso Tinn* 

-Capiiritor*" 

1-MiiTo.Kwitchos • 

I , -- 

V10IIG3 D 16 C K S 

♦ CaiMicitnr iumI mirrwwitHufH art* 9ui>i»licMl on uJl tiiodvlit. 

♦♦.\dd S to all nuinlM'rti for motor-driven VIO unci 
V20 niodrlf-. 


Ounco-in. Torque 

120 

240 

4sn 

241) 

4S0 

960 


Cufmeitor Included 

'\‘es 

Vt‘s 

Yt's 

Ye.s 

^’e.s 

Yes 


M iero.s\vitchea 
hiitiuded 

Yes 

Yes 

Yos 

Yes 

Yes 

Y'ns 


Set^ond-s fur 

320 Travt‘rst! 

8 

16 

32 

32 

64 

128 


Varinc Type 

VIO 

$138.00 

$138.00 

$138.00 

$138.00 

$138.00 

$138.00 

Set-Up Charge 
Proratcfl 

1-4 Units 

$12.00 

V10G2 

— 

184.00 

184.00 

184.00 

184.00 

184.00 

12.00 

V10G3 

— 

218.00 

218.00 

218.00 

218.00 

218.00 

12.00 

V10H 

139.00 

139.00 

139.00 

139.00 

139.00 

139.00 

12.00 

V10HG2 

— 

186.00 

186.00 

186.00 

186.00 

186.00 

12.00 

V10HG3 

— 

221.00 

221.00 

221.00 

221.00 

221.00 

12.00 

V20 

162.00 

162.00 

162.00 

162.00 

162.00 

162.00 

12.00 

V20G2 

— 

236.00 

236.00 

236.00 

236.00 

236.00 

12.00 

V20G3 

— 

— 

292.00 

— 

292.00 

292.00 

12.00 

V20H 

162.00 

162.00 

162.00 

162.00 

162.00 

162.00 

12.00 

V20HG2 

— 

236.00 

236.00 

236.00 

236.00 

236.00 

12.00 

V20HG3 



292.00 


292.00 

292.00 

12.00 
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NEW CANADIAN OFFICE 



r* ^ - H WiSiam Natmsm 



Photo hp ,4cA{^ Crippm 


Artiiuk Kinghnorth 


Riciiaki) Pro van 


To provide the best service for our 
C'iiimdian customers, a General Radio 
factory l)nuK‘h office for C'anada was 
opened August 1. 

The new office is l(M*at(»d at 99 Floral 
Parkway, Toronto 15, Ontario, just 
south of Route 401 at the Keelc Street 
turnoff. We cordially invite you to visit 
us there. There will Ik? a substantial 
stoi’k of instruments available, whicli 


we hope that many Experimenter readers 
will lake the op|>ortunity to inspect. 

This extension of our domestic direct- 
sales policy has terminatcHi a lonp; and 
cordial association with the Canadian 
Marconi Company, our representatives 
for many years. 

The new office is in charge of Arthur 
Kingsnorth, ably assLsteil by Richard 
J. Pro van. Both are well knowm to 
Canadian engineers and scientists and 
have had much ex|x*rience with General 
Radio ecpiipment through their previous 
years of ass(K‘iation with our repn*- 
sentatives. 

The telephone number Is CHerry 
4-0221. If you are a resident of CanatJa, 
your phone call or letter directly to that 
office will re<*eivc prompt and effective 
attention. 

General Radio service and repair 
work will continue to lx; handled by 
Bayly Engin<H»ring, Ltd., Ajax, Ontario. 


o 




STORAGE BOX FOR TYPE 1021-P OSCILLATOR UNITS 


The versatile Type 1021 Standard 
Signal Generators cover a frequency 
range from 40 Me to 2000 Me by means 
of three oscillator units and a common 
|H)wer supply cabinet. 

Since the .safe storage of oscillator 

Tvp€ _ 

1021>P10 I Storog* Box. 


units not in use hius frcxpiently Ikhjii a 
problem, we are making available the 
Type 1021-P 10 Storage Box, which will 
hold one oscillator unit. Tliis box is 
made of treated, moisture-resistant white 
wood and is virtually dust tiglit. 
_ Co(U Word _ Price 

. I BOXEY I $ 18.00 



General Radio Company 
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